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AM-E- 92

RISK ASSESSMENT ANALYSIS FOR SOME KEY ISOCYANATES
by
W. Brock Neely

EnviroSoft, 1lnc.,
P.O.Box 25586, Midland, MI 48641

Production figures (Frey et al, 1990) indicate that 741 million
pounds of the 80:20 mixture of 2,4- and 2,6- Toluene Diisocyantes
(2,4-TDI and 2,6- TDI) were manufactured in the United States in
1988. At the same time the production in Western Europe and Japan
had reached 759 and 211 million pounds respectively for a total of
1.7 billion pounds. Trhe figures for the 4,4’ Diphenylmethane
Diisocyanate (4,4'-MDI) were equally dramatic for the United
States, Europe and Japan being 934, 1012 and 321 million pounds for
a total of 2.3 billion pounds. These nunbers are expected to expand
since the demand for foams, elastomers and coatings continues to
increase. When the magnitude and growth rate for these monomers are
compared to other big volume products (C&EN,1991) than it becomes
apparent why the guvernment has expressed concern about the
potential for health and environmental risk from these chemicals.

The monomers to be discussed in this report are shown in Figure 1.

RISK ASSESSMENT
In order to have a common basis for understanding it will be well
to define what is meant by risk assessment. This is a phrase that
has bean used and abused for many years. The controversy and
conflict surrounding its use caused the government to enlist the
services of the National Academy of Sciences to address the issue.
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4 4}-Diphenylmethane Diisocyanate
4,4 MDI

Figure 1. Structure of the Diisocyanate monomers to be discussed
in this report.

Oone of the conclusions was that risk assessment is a prelude or
input to the overall risk management operation and the distinction

between the two processes ( i.e. of assessment and ma.iagement )

‘should be sharply defined. The former is the use of a factual

scientific base to define and interpret health effects of exposure
of individuals and populations to hazardous aaterials and
situations. The management side of tha process involves choices
betwveen the broader social and economic values. This paper will not
discuss the management guestion but will concentrate on the
assessxent question. In this connection the Academy outlined the

following items that need to be considered in performing a risk




assessment (NAS, 1983).

Hazard Identification
Dose-Response A :ssment
Exposure Assessment

Risk Characterization

The Environmental Protection Agency (EPA, 1986)) issued guidelines

for performirg a risk assessment and the above four elements were

an integral part of the procedure.

The remainder of this report will follow these guidelines in
assessing the potential risk from the isocyanate monomers shown in

Figure 1.




This is a process of determining whether exposure to an agent can
cause an increase in the incidence of a health condition (cancer,
birth defects, etc.) and or anv environmental impact other than
health. The elements involved in making a hazard identification
are the following:

...Physical and Chemical Properties

...Toxicological EffecCis

...Route of Exposure

a. Physical and Chemical Properties - The chemical and physical

properties of the isocyanates have been summarized (Bailey, 1991)
and are shown in Table I. The properties for the 2,4-TDI are those
reported in the Handbook for Environaental Data (Verschueren,
1983). A draft report (Chemical Biotesting Center, 1991) suggested
a water solubility of less than 1 mg/L and the logarithm of the
octanol water partition coefficient of 3.4 and 4.5 for TDI and MDI

respectively.
The isocyanates in comparison with some other common chemicals such
as ethylene glycol ,benzene and 1,2-dichlorobenzene are not very

volatile as may be seen from the data in Table 1.

The isocyanate (-N=C=0) group is very reactive erpescially with

nucleophilic reactants containing an acidic H atom. Thus carbanic




acid and urea derivatives are formed as equation 1 indicates.

TABLE I

Chemical Mol Wt. Melt Pt. Boil Pt. Sp. Gr. Vap. Press.
(& (o] Pascals*

2,6 TDI 174 18.2 246 2.6
2,4 -TDI 174 21 251 LR
MDI 250 39 314

Ethylene
Glycol 62 198

Benzene 78.1 80

1,2-Dichloro
Benzene 147

™ Measured at

=E====ETm===s=

nucleophile carbamic acid (1)
derivative

> R-N-C-N-R’
HOH
Disubstituted ureas
nucleophile

The order of reactivity of the various nucleophiles begins with

the primary amines, followed by secondary amines, primary alcohols,

secondary alcohols and water. Both water and secondary alcohols are
the same reactivity and about 0.3 times as fast as primary alcohols
(Bayer Chemical, 1991). Isocyanates are not very soluble in water

hence the reaction occurs at the interface producing carbamic acid
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which is unstable liberating carbon dioxide and forming a primary
amine which in turn is very reactive toward the remaining
isocyanate. The reaction as shown in equation 2 is second order in

both water and the isocyanate.

(2)

The reactivity of the isocyanates with active hydrcgen compounds at
100° C is shown in Table II (Bayer Chemical, 1991). On the other

hand, the reactivity of a particular isocyante toward a given
alcohol, amine or any other active hydrogen (such as water)

increases with increasing electophilicity (electron attracting

power) of the radical attached to the isocyanate group. The phenyl

Isocyante’ Grouping
Rate Constant x 10°* (L/mol.sec)
R-NH, R-OH Water?

2,4-TDI1 36 21 5.8
2,6-TDI 6.9 7.4 4.2

! Aromatics are more reactive than aliphatic isocyanates
' Reaction with water has a high activation energy.

group pulls electrons away from the isocyanate making it more

positive and more susceptible to nucleophilic attack.




Morton and Deitz (Morton et al 1956) measured the reaction rate of
phenyl isccyanate with water in dioxane at 80° C and found a second
order rate constant of 5.89 x 10™ 1liters/mole.sec. when the
initial concentration of both reactants was 0.5 M. The constant k

in equation 2 may be expressed by the following rate equcz ‘on:

dx
- k (a-x) (b-x) (3)

where a = |
b = [H,0] initial concentration
X = amount disappearing in time t

Integrating equation 3 yields eqguation 4.

- 1 b(a-x)
ke t@-n > Mann e

If b is in excess than the rate law follows a pseudo first order
reaction as represented in equation 5.

1 a
tb Hde (a - x)

k=
Thus in an agueous solution the concentration of water |is
approximately 55 moles/liter. By multiplying the second order
constant by 55 a pseudo first order rate constant of 3.2 x 107
sec™? is obtained. Since the reaction was run at 80° C the rate may
be reduced by one half for every reduction of 10’C. Performing this
~alculation a rate constant for the hydrolysis of phenyl isocyanate

at 20° C is 5.1 x 10™ sec™ for a half life of about 25 minutes. Tha




relative rates of the TDI’s and MDI =zre not expected to be much
different. Por purposes of this report 5 x 10™ sec™ will be used
fcr the psuedo first order rate constant for the hydrolysis of the
three isocyanates. This is comparable to the 15-20 minute half life

‘eported for TDI in water vapor (Grieveson et al,1983) and is

consistent with the rates observed in mixed heterogeneous systems

(Kitano et al 1991).

Vapor phase hyadrolysis of TDI has been studied at 27° © and with
the relative humidity varying form 7-70%. Under these conditions no
evidence was found for gas phase reactions between TDI and water
(Holdren et al, 1984). The results indicate that removal o1 gaseous
monomer from air is not dependant on water vapor concentrations,
however, as the next section indicates the chemicals are subject to
photo oxidation which serves as the primary means for destruction

in the atmosphere.

The rate constant for photo oxidation in the atmosphere has been
investigated (Becker et al, 1988) using a 420 L photo reactor at
ambient pressure and temperature. The study generated a rate
constant for TDI (B0:20 mixture of the z,4- and 2,6-1TDI) of 7.4 x
10 cm’® sec’’. Assuming an atmospheric hydroxyl radical
concentration of 10° [OH) cm™ (Becker et al, 1988) the half life

for TDI was estimated as approximately 26 hours.

b. Toxicological Properties - A summary of the toxicological data




for 2,4-TDI and MDI are reproduced in Table III (Kirk-Othner,

TABLE III
Toxicological Data for the Isocyanates

LD,, rats LC,, rats in air Subacute oral, rat

mg/m> (h) daily dose deaths/
no. fed

320 (4) “

It is assumed that the 2,6-TDI isomer has the same properties as
the 2,4-TDI monomer.

* This value has to be suspect since the vapor pressure of MDI will

Animal inhalation data (Verschueren, 1983) produced the following

results. The LC,, for rats exposed to the 2,4-TDI isomer ror 4
hrs/day for 14 days was 14 ppm (98 mg/m’)'. Exposure of rats to
0.15 ppm of a mixture of 2,4- and 2,6- TDI in an inhalation chamber
for 6 hrs/day, 5 days/week for 108 weeks did not effect tumor
incidence (Loeser, 1983). Due to the reported irritating and
sensitizing properties of the inhaled vapor (Kirk-Othner, 1981) the
recommended maximum exposure for diisocyanates is 20 ppt (149 and
200 ug/m’ for the TDI and MDI respectively) for a 10 minute period
and a time weighted average exposure for a 10 hour day / 40 hour
week of 5 ppb (35 and 50 ug/m’) (NIOSH, 1980 and Brochhagen et al,

1984).

! The conversion to mg/m’ is as follows:
mg/m® = (ppm X Mol Wt.)/24.5 at 25° C and 1 atmosphere.




Carcinogenicity via the oral route was conducted (NTP, 198.) using
commercial grade of TDI and fed by gavage at a dose of 30 and 60
mg/kg for male rats and 6C and 120 mg/kg for females. The incidence
of fibrosarcoma and cell adenomas were found to be dose related. As
the next section will describe the oral route of exposure is not
significant for the isocyanates. Thus the observation that these
materials cause cancer when ingested is not a major concern when

assessing the potential risk from exposure to either TDI or MDI.

Environmental toxicity has been performed on TDI and is summarized

in Table 1IV.

TABLE IV
Environmnental Toxicity for the various Isocyanate.

Species Toxicity Reference

Grass Shrimp (salt water) 508 mg/L * Curtis, 1979
Fat head minnow (fresh water)’ 164 mg/L ,96 hr LC,, Curtis,1979
Red Wing Blackbird 100 mg/kg, oral LD,, Schafer, 1983

* Mortality was l#ss than 65% at 96 hrs.
? An exposure of .>4 mg/L for 24 hours caused 50% death.

c. Route of Exposure - The normal route of exposure to isocyanates

are through the skin or by inhalation. Of these the inhalation
route is by far the most important. It has been estimated (Bayer
Chemical, 1991) that TDI and MDI will yield a concentraztion in air
of 255 wmg/m* and 0.09 mg/m* respectively. The latter figure

corresponds to the lower vapor pressure of MDI over TDI (Table II).

The zajor industrial hygiene problem with TDI is the reported
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sensitization of certain workers exposed to the vapors. The level

of TDI in air detectable by odor is from 0.1 to 1 ppm (Kirk-Othner,

1981). This far exceeds the current Federal standards as reported

previously (NIOSH, 1980).




2. Dose Response Assessment

This is the process of characterizing the relation between the dose
of an agent and the incidence of an averse health effect in exposed
populations. It should take into account the intensity of exposure,
age pattern of the population and other variables that might affect
response, such as sex, lifestyle etc. A dose response assessment
usually requires extrapolation from a high to a low dose and

extrapolation from animals to humans. As can be seen this is a very

complex subject and one in which data is frequently lacking.

Since the most important route of exposure is yia inhalation the
dose response relations for the isocyanates in air will be
discussed. The best data that could be found is an extrapolation of
work reported in the Handbook of Environmental Data (Verschuren,
1983) and reproduced in Table V. By assuming that the response is
cumulative it is possible to state that 4 hrs/day for 14 days is
equivalent to 56 hours of exposure and 6 hrs/day, 5 days/week for
4 weeks is equivalenc to 120 hours. Thus a crude dose response
curve for inhalation toxicity in rats can be created as shown in

Figure 2.

TABLE V
Inhalation Toxicity for TDI in Rats

Time Response (LCS0) mg/m’

4 hour exposure 350
4 hrs/day for 14 days 98
6 hrs/day,5 cdays/wk for 4 weeks 0.2 (no effect)

12




While this data indicates a response relation it does not permit a

gquantification of a no effect level. The best that can be . id is

that for 1longer periods of

exposure time the dose required
for the effect (i.e 50%
lethality) becomes smaller. At
the smallest dose tested (0.2
mg/m’) there was no observable
repone to the equivalent of 120

hours exposare. Unfortunately,

it is not possible to use Figure

Figure 2 Dose Response Curve for
2 to determine the no effect vapor inhalation of TDI

response for an exposure lasting a 1life time. Until more
definitive experiments are performed the government assessment for
occupational exposure will be used as a starting point (NIOSH,
1980). Since the level of 5 ppb established by NIOSH is for a 10
hour day/ 40 hour week it will be divided by 10 and 0.5 ppb will be
used as the maximum environmental exposure for the various

isocyanates.




3. EXposure Assessment

From the previous discussion it was concluded that the maximum
environmental exposure for the various isocyanates should not
exceed 0.5 ppb. There are two scenarios that will be examined for
comparing the exposure of these chemicals with the above criteria.
The first is concerned with the exposure that might result to
individuals in the vicinity of the manufacturing plants that are
using isocyanates. Ti.c second deals with the importance ~f the
concentrations that might _2 achieved in the environment from the

long term world wide emission of isocyantes.

a. Scenario 1 (Site Specific) - TDI levels of 0.1 to 17.7 mg/m’

(Grieveson et al,1983) have been found in the stack gases from

three German plants manufacturing flexible polyurethane foam. In
order to model the downwind concentrations resulting from such a
source it is necessary to know the diameter and the exit velocity
of the stack gas. In the absence of such informatior reliance will
be nmade on the data in Turner’s Workbook (Turner, 1970). Assuming
a stack diameter of 1 meter and a exit velocity of 10 m/sec. the
volumetric flow rate from the stack will be 7.85 m’/sec. Using the
maximum concentration of TDI found in the stack gas a source

strength (Q in g/sec) for TDI may be calculated.

Q(g/sec) = 0.0177 g/m* x 7.85 m’/sec = 0.139 g/sec




To estimate the concentration downwind from the stack, equation 6

(Turner, 1970) wil) be used.

-0 1 H,.
c fo,0,0 exp [ 2 (Uz) ] (6)

where C = concentration at ground level and in the center line
of the plume.
o = is the standard deviation of the plume concentration
distributed in the horizontal (y) and the vertical
(z) direction.
H = the effective stack height.

U = wind velocity (m/s)

The standard deviations are a function of the climatic conditions
and graphs and equations have been developed to take such items
into account (Turner, 1970). The egquations were solved using t! .
computer package developed by EnviroSoft.' The results for two

computer runs are shown in Table VI.

It will be noticed that as the stack height is increased to 100 m
the concentration in the vicinity of the source is negligible
(Figure 3). At 800 m the concentration reaches a maximum and then
decreases. Only with a short stack height (20 m) and within 200 m

of the source does the concentration of TDI exceed the limit of 0.5

ppb.

* A model based on dispersion analysis has been developed and
packaged kv EnviroSoft for solving these and other equations. For
more information contact the Company at P. O. Box 2566, Midland,
Micr. 48641.
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TABLE VI

Concentrations of TDI downwind from two stacks with effective
heights of 100 and 20 meters. The source strength was 0.14 g/sec
with a wind speed of 4 m/sec during daylight hours with a
temperature of 25° C.

Distance Concentration (ppb) from a Stack
Height

Km 100 m 20 m
052 3.5 x 10-5 13
0.4 0.0025 0.03
0.6 0.0069 . 0.02
0.8 0.0083 -

1.0 0.0081 0.012
1.2 0.0074

1.4 0.0070 0.007
1.6 0.0067

1.8 0.006

2.0 0.005 0.003

b Scenario 2 (Global Distribution) - What are the consequences of

a gradually increasing input of isocyanates into the world over a
pericd of many years? There have been many models designed to
answer such questions (Baughman et al, 1978, Mackay 1979, Mackay et
al 1985, Neely et al, 1982, Yoshida et al, 1987, Yoshida et al
1988). The basic model which has been called the Unit World is
shown in Figure 4 where the major compartments are illustrated. The
scaling is such that 510 million units are equivalent to the world
(Neely, 1985). The volumes and physical properties for the model
are shown in Table VII. In order to achieve a steady state
situation for persistent chemicals such as DDT or the
Chlorofluorcarbons there must be natural mechanisms for removing

the material from the system. In the present model there are three

16
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Figure 3 Downwind concentrations from a 100 m stack.

such mechanisms:

1. Exit to the stratosphere where the rate constant is based
on the many mass balance studies that have been performed on the

Chloroflurocarbons (see for example Neely, 1977).

2. Removal from the active sediment layer on the bottom of the

water column to the deep inactive layer of sediment.

3. Leaching through the ground beyond the 2 m depth (Neely e

al 1986).




All chemicals added to the model are subjected to these three
processes. Of the three the burial rate constant needs to be
examined in more detail, the other two are adequately treated in

the cited references.

Table VII

Environmental Parameters for the Unit World

Compartment Volv e m’ Area m’ Depth m

Air 6 x 10°

Water ° 7 x 10* 7 x 10° 10

Ground 4.5 x 10* 3 x 10® 0.15

Bottom Sediments 2.1 x 10* 7 x 10® 0.03
Bulk density
Water Content

x 10¢ g/m’

2

Fraction organic
Air Content
Slope %

5
2
Porosity 4
0
2

Bottom Sediments
Porosity .88

0
Water Content 1.0

Exit to Stratosphere 4.1 x 10" /day
Burial Constant 2 x 10 /day
Suspended sediments 5 ppm

Average rainfall 0.7 m/yr
Average temperature a9 C

* water is 70% of the surface area of the world

In order to determine the burial rate constant it is necessary to
investigate run off which in turn provides the sediment for the
bottom layer. An analysis of field data (Neely et al,1986)
indicated that the rate constant k,, (Figure 4) had values ranging
from 1 x 10~ /days to 7 x 10~ /days. These covered a wide range

18
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Figure 4 Schematic representation of the Unit World. The double
headed arrows represent diffusion processes.The
subscripts refer to the compartment numbers.




of soil types and slopes. For screening purposes a relationship
between slcpe and k,, was empirically established as shown in

equation 7.

log (k,;) = 0.1 x Slope - 7

where k,, is in reciprocal days
and the slope ranges from 0 to 30 %

Thus for a slope of 20% k,, has a value of 10 /days roughly
equivalent to the sediment loading for Lake Erie. Applying this
value to the model shown in Figure 4 an average sediment yield is
estimated by means of equation 8.

Yield = (1 x 10®) x (0.15 ) x (3 x 10*) x (1.5 x 10%) (8)

= K,,(1/day) x depth(m) x Area(m?) x Density (g/m®)
= 6.7 x 10* g/day

Assuming a sus»ended sediment concentration of 5 mg/m® and a
surface area of 7 x 10® m’ for the water compartment a sediment

balance is performed as indicated in equation 9.

k,e = Yield / Area x C_ (9)
wvhere C_ = concentration of suspended sediments
k,. = settling rat constant (m/day)
= 6.7 x 10* / (7 x 10® x 5)
= 0.19 m/day

From this analysis the burial rate constant may be estimated as

follows. In one day (0.19 x 5) or 0.95 grams of sediment are

deposited on 1 m’. Simultaneously, it will be assumed that an equal

mass of soil became buried (i.e removed from-the-sctive-surface of

20




the sediment layer). The burial rate constant is related to the

first order process shown in equations 10-11.

% = kb Mso.il (10)

where M_,, = the mass of soil in grams
dx/dt = rate at which the soil is removed
= 0.95 g/day

Rearranging equation 10 yields equation 11.

kb — (dX/dt) / MIOIJ (11)

The total mass of sediment in the top 3 cm layer for an area of 1

square meter is given by equation 12.

M. = ¢ (1 - 8) x depth x 1 m*
where & = bulk density
® = porosity
= 1.5 x 10* x 0.12 x .03
H-ll b 5400 g
Thus the burial rate constant k, is found from equation 11 using

the respective values for dx/dt and M,,,.

kK, = 0.95 /5400
= 2 x 10 /days

for a half life of 10.7 years.

The evaluation of the remaining rate constants and diffusion
coefficients illustrated in Figure 4 have been described (Neely et
al, 1986). The mass balance equations for each of the four

compartments are derived in terms of fugacities (Mackay, 1979) and




solved by inverting the appropriate matrix.?

The one remaining difficulty in using the Unit World for estimating

global concentrations is to define a suitable input, For the
purposes of this model the world wide production of TDI and MDI
will be used. The production of the former has been estimated at
1.” billion pounds while MDI had a production of 2.3 billion pounds
(Frey et al, 1990). Since the size of the proposed model is such
that 510 million units are eguivalent to the world (Neely, 1985)
the production figures will be scaled by this amount. Thus the
input for TDI is 3.3 pounds/year and MDI is 4.5 pounds/year. This
converts to 23 mmoles/day of TDI and 22 mmoles/day of MDI.
Obviously, not all of this material escapes into the environment.
Using a very conservative approach (Stepharnson, 1979) assumed that
a 0.1 of the production of benzene escaped. For this first analysis
the same factor will be used. Accordingly the input of TDI and MDI

will both be set at 2 mmoles/day into the Unit World.

In order to partially validate the Unit World as a technique for
predicting environmental concentrations the insecticide DDT will be
examined (Table VIII). Records indicate that world wide production
of the chemical reached a level of 350 million pounds in the early
1970’s (Neely, 1985). Dividing the value by 510 million and

converting pounds to moles the equivalent input for the model

! The Unit World has been programmed by EnviroSoft and is
presently being packaged for sale. For more information on this
program contact the Company at P. O. Box 2566, Midland Mich. 48641.
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becomes 2.4 mmoles/day. It will be further assumed that the entire
production entered the environment - 75% to the ground and 25% to
the water. The outcome is shown in Table VIII where several things

should be noted.

1. The results are steady state values, in other words at
steady state the output equals the input. The length of time
required to reach this point is a measure of the persistence cf the
chemical. The longer the resiacence time the more persistent the
material i.e. it takes longer to reach steady state. For DDT the
residence time is 134 years. Since DDT is known to be persistent,

134 years becomes a benchmark to gauge persistence.

2. The numbers are not to be taken too literally, however,
they do indicate a trend as to what might happen long term with the

continued input of DDT.

3. By comparing the estimated water concentration of 42 ppt
with the water quality criteria number of 1 ppt (Costle, 1980) it
is apparent that exposure from DDT would become tol great with

continued long term heavy input of the insecticide.

4. In the case of DDT the final regulatory action was a ban on

the use which resulted in a lowering of the input. This caused the

exit rates to slowly begin the task of clearing the environmental

compartments of the pesticide.




TABLE VIII
1t ¢ addi ) ‘e W

Molecular Weight 354
Vapor Pressure 2.6 x 10 Pascals
Water Solubility 0.003 mg/L
Log Kow 6.00
Degradation constants were set equal to
Input = 2.4 mmoles /day

75% to the ground

25% to the water

Results

Residence Time

$ in the water

t in the air

t in the ground

t in the bottom sediments

134 years
0.72

0.76
93.55
4.98

W noun

Concentration in water

Concentration in air

Concentration in ground

Concentration in the Bottom sediments

.042
.00005
864

98

L (| B |

3+ 3 1 3 1t 38t 2t 3t 2+ 1+t -+t -+t + + + + 5 4+ 3+ 33}

5. The results also indicate why there was so much effort
applied to finding routes of degradation to supplement the three
mechanisms of leaching, burial and exit to the stratosphere as a
means of clearing the enviconment. If such a mechanism could have

been found ther the continued use of DDT might have been allowed.

The evaluation of TDI and MDI will be conducted in a similar manner
to the above. The data in Table IX will be used for TDI while Table
X contains the Jata for MDI. Examining the results in Table IX it
can be seen that the final concentrations are very small and far

below the 0.5 ppb level set for the maximum environmental exposure.

Splitting the input 50:50 between air and water had very little
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effect on the final result. The residence time was half as large

and the concentration in water increased slightly to the 10" ppb
level. The results for MDI are shown in Table X and for the most

part are comparakle to TDI.

TABLE IX
14  addi co ) e
Properties of TDI

Molecular Weignt 174

Vapor Pressure 2.6 Pascals
wWater Solubility 100 mg/L

Log Kow 2.00

Degradation constants
Air rate constant= .64 /day
Water hydrolysis = 43 /day
Ground degradation set equal to
Input = 2 mmoles /day
100% to the water

Results

Residence Time

% in the water

2 in the air

%t in the ground

2 in the bottom sediments

.004 years
0.05
99.94
0.00
0.00

L I I I |

Concentration in water 10*
Concentration in air : 10°°
Concentration in ground 10°*
Concentration in the Bottom sediments 10°*
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TABLE X
Results of adding MDI to the Unit World
Properties of MDI
Molecular Weight 250
Vapor Pressure 0.00014 Pascals

Water Solubility 10 mg/L
Log Kow 1.5

Degradation constants
Air rate constant= .64 /day
“2ter hydrolysis = 43 /day
Ground degradation set equal to
Input = 2 mmoles /day
100% to the water

Lesults

Residence Time

$ in the water

% in the air

% in the ground

$ in the botton sediments

.004 years
0.06
99.67
0.27
0.00

10"
1077
0™
i0™

Concentration in water

Concentration in air

Concentration in ground

Concentration in the Bottom sediments




The toxicological data discussed in the first section indicates
that there is a slight hazard associated with the isocyanates. Thus
from "able III the LDS50 for rats is in the range of 5 - 10 g/kg. In
order to place this in proper perspective the LD50 for ethanol is
10 g/kg (Verschueren, 1983). The risk to other animals such as

fish, “irds etc. appears to be minimal (Brochhagen et al, 1984).

By far the greatest hazard is via inhalation and the sensitization
that some workers have experienced (Bayer Chemical, 1991). This has
created a situation in the United Kingdom and some sStates in the
USA where "fence line" concentrations in the order of 0.4 ppb of
TDI are required (Gilbert, 1988). It will be recalled that this
level is very close to the criteria arrived at in section 2 dealing

with Dose Response.

Thus the objective is to maintain environmental concentrations at
or belovw 0.4 ppb. As section 3 on Exposure Assessment describes
the probability of stack emissions exceeding 0.4 ppb will occur
only in the situation where the stack height is short and the
exposure occurs in the near vicinity of the stack. Global emissions
at the present level of production and any presently planned growth

will never cause environmental concentrations to exceed the 0.4

ppb. The reason for this definitive statement is due to the highly

reactive nature of the molecules which pravents them from building




up in the environment. Thus the conclusion is reached that the risk

from environmental exposure to the isocyanate molecules is

insignificant.
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